DRiving AnD SLEEp RESTRicTiOn, OBSTRUcTivE SLEEp ApnEA, AnD SHORT SLEEp DURATiOn
Driving performance consistently worsens in sleeploss states and is influenced by circadian rhythm (De Valck & Cluydts, 2001; Lenne, Triggs, & Redman, 1997) and time on task (Moller, Kayumov, Bulmash, Nhan, & Sharpio, 2006; Otmani, Pebayle, Roge, & Muzet, 2005; Phillip, Taillard, Quera-Salva, Bioulac, & Akerstedt, 1999) . Maintenance of lane position, reaction time, steering, and speed deviation (Ingre et al., 2006; Moller et al., 2006; Otmani et al., 2005; Philip & Akerstedt, 2006; Phillip et al., 1999) and incidences of simulator "crashes" (Moller et al., 2006) all worsen in sleep-loss states. Impairment of sleep-deprived individuals has been shown to be comparable to that of individuals with blood alcohol levels of 0.7% (Fairclough & Graham, 1999) , 0.5%, and 0.8% (Arnedt, Wilde, Munt, & MacLean, 2001) .
Impaired driving performance by truckers may not result from a single etiology such as sleep deprivation. The prevalence of obstructive sleep apnea among longhaul truck drivers varies from greater than 78% (n = 159) (Stoohs, Bingham, Itoi, Guilleminault, & Dement, 1995) to just more than 28% (Pack, Dinges, & Maislin, 2002) . This is much higher than the prevalence rate of 2% to 4% reported in population studies (Lee, Nagubadi, Kryger, & Mokhlesi, 2008) . Patients with sleep apnea demonstrate slower reaction times than normal controls (Barbe et al., 1998) and increased steering error, time to target acquisition, and off-road incidents (Findley et al., 1989; Juniper, Hack, George, Davies, & Stradling, 2006; Risser, Ware, 
research abstract
This pilot intervention study evaluated the effect of feedback actigraphy on sleep and sleep-related variables in a group of long-haul truck drivers. Visual feedback from actigraphs provided cues to the truck drivers, alerting them to their accumulated sleep times. Exposure to the cues was hypothesized to lead truck drivers to modify their behavior and result in improvement in sleep and sleep-related variables. It was predicted that exposure to feedback actigraphy would be associated with more sleep (quantity), better sleep (quality), a more positive attitude toward sleep, less subjective sleepiness, and increased control over sleep behavior by the sample.
the Theory of Planned Behavior to evaluate blood donor behavior (Giles et al., 2004; Masser et al., 2009 ), only one actually predicted blood donation (Masser et al., 2009) . A study of adherence to mental health guidelines among occupational physicians based on the Theory of Planned Behavior indicated a lag between self-reported intention to follow the guidelines and guideline adherence (Rebergen et al., 2006) . Although the Theory of Planned Behavior accounted for 36% of the variance in intention to use condoms in a group of Ethiopian adults, it accounted for just more than 5% of actual condom use (Molla et al., 2007) .
In this study, the application of feedback via actigraphs was hypothesized to improve attitude toward sleep, increase perceived behavioral control over sleep, and lead participants to modify their sleep behavior to improve the quantity and quality of their sleep.
AcTigRApHy
Actigraphy is the use of a portable, wrist-or ankleworn device that indirectly measures sleep/wake patterns by measuring movement using an internal accelerometer. The device converts movement into an electrical signal, digitized and recorded in time periods, or epochs, preprogrammed by the user (Ancoli-Israel, 2005) . The wearer documents a daily sleep log that is compared against actigraph output and facilitates data editing and analysis (Ancoli-Israel, 2005) . Data from actigraphs are downloaded into computer software that uses algorithms to score sleep/wake parameters (Sadeh & Acebo, 2002) .
Correlations between total sleep time obtained by actigraphy and the "gold standard" measure, polysomnography, vary widely. Agreement between polysomnograms and actigraph total sleep time ranged from 90% in healthy adults to 84% in adults with sleep-disordered breathing and infants (Morgenthaler et al., 2007) . For healthy flight crews (Signal, Gale, & Gander, 2005) , those with insomnia (Lichstein et al., 2006) , and older women (Blackwell et al., 2008) , total sleep time measured by actigraphy and by polysomnography were moderately highly correlated. The American Academy of Sleep Medicine has determined that actigraphy is a reasonably accurate proxy measure for sleep pattern estimates in healthy adults and those with circadian or shift work sleep disorders and for total sleep time in adults with obstructive sleep apnea (Morgenthaler et al., 2007) .
In studies of both truck drivers (Dinges, Maislin, Krueger, Brewster, & Carroll, 2005) and railroaders (Sherry & Philbrick, 2003) , the use of feedback actigraphy did not increase total sleep time. However, railroaders using the feedback actigraphs experienced decreased variability in sleep patterns while using the device compared to those who used actigraphs without the feedback feature. This indicates that sleep patterns of the participants who wore feedback actigraphs may have become more stable (Sherry & Philbrick, 2003) . Although the truck drivers did not experience increased overall sleep time while using the feedback actigraph, they did experience significantly more sleep in their off-duty periods compared with on-duty periods. A significant increase in 
Applying Research to practice
sleep time occurred during the off-duty period for these workers in the feedback condition compared to the nonfeedback condition (Dinges et al., 2005) .
The studies of the truck drivers (Dinges et al., 2005 ) and railroaders (Sherry & Philbrick, 2003) did not show significant increases in sleep time with feedback actigraphy use but were underpowered. In the study of truck drivers (Dinges et al., 2005) , data collection occurred in instrumented trucks not normally driven by the participants and thus not in their natural work environments. For these reasons, the researchers undertook a feedback actigraph study of truck drivers in their natural work environments.
Feedback actigraphy using Sleep Watch® (Precision Control Design, Inc., Fort Walton Beach, FL) gives visual cues using digital displays similar to a sport watch. A numerical display of accumulated sleep time within the previous 18 to 20 hours and a graphically displayed arc provide a sleep history. Because of its portability, its ability to continuously monitor sleep pattern parameters for weeks at a time, and the availability of a feedback feature, the actigraph was useful for both monitoring and treatment purposes in this study of long-haul truck drivers in their natural work settings.
SpEciFic AimS, HypOTHESES, AnD DEpEnDEnT vARiABLES
The overall purpose of the pilot study was to determine the effect of visual sleep time history feedback on select sleep-related parameters among long-haul truck drivers. The aims of the study were to determine the effects of feedback actigraphy on long-haul truck drivers' sleep quantity and quality, subjective sleepiness, perceived control of sleep, and attitude toward sleep. The hypotheses underpinning the current study were that long-haul truck drivers, while in the feedback actigraphy condition (compared to the no feedback actigraphy condition), will have increased sleep quantity and quality, decreased subjective sleepiness, increased perceived control of sleep, and a more positive attitude toward sleep behaviors.
mETHODS

Design and Sample
A within-subjects crossover design was used to determine the effects of feedback actigraphy on sleep-related parameters in a sample of long-haul truck drivers (N = 17). The University of Kentucky Medical Institutional Review Board (IRB) approved the study protocol prior to the implementation of study enrollment and procedures. A Certificate of Confidentiality from the National Institutes of Health was secured to protect participants believed to be at risk for income and job loss, punitive measures, and liability in the event of data discovery. During the informed consent process, the Certificate of Confidentiality protection and limitations were discussed with all potential participants. After drivers provided informed consent, they were enrolled in the study.
The sample included truck drivers who were able to read and speak English, held a commercial driver's license (CDL) for at least 1 year, held a current U.S. Department of Transportation (USDOT) medical certificate, and slept in a truck at least 3 nights per week. Exclusion criteria included diagnosis of sleep apnea, neurologic disease, pregnancy, witnessed apnea during sleep, and the use of alcohol or sedating, hypnotic, or street drugs while on duty. Truck drivers were recruited at a truck show and via flyers posted at truck stops and rest areas in Kentucky and Indiana. Twenty-five drivers were enrolled in the study after securing informed consent and 17 completed the study protocol. Of the remaining eight, five did not complete the study, two were excluded because of poor data quality, and one was not able to begin the protocol before the study terminated. An incentive of $100 was given to each driver who completed the study and these drivers were eligible to compete in a random drawing with the prize of a $500 gift card.
Procedures
Study participants were screened for inclusion in the study by the principal investigator using the inclusion and exclusion criteria previously described. Each potential participant's blood pressure, height, weight, and neck circumference were measured. These measurements were used to screen for obstructive sleep apnea (Davies & Stradling, 1990; Deegan & McNicholas, 1996; Flemons, Whitelaw, Brant, & Remmers, 1994) along with specific obstructive sleep apnea symptom checklist questions and Epworth Sleepiness Scale (ESS) (Johns, 1991) scores. Once screening for enrollment occurred and the anthropometric measurements were completed, informed consent for participation in the study was obtained from drivers by the principal investigator.
After enrollment, a baseline survey was administered that included questions related to truck driving experience, general health, sleep, and demographics. If drivers responded affirmatively to the obstructive sleep apnea symptom checklist, scored higher than 10 on the ESS, or had anthropometric measures indicating potential risk for obstructive sleep apnea, they were advised to see their health care providers. Those who had blood pressures greater than 140/90 mmHg were also advised to seek health care. In both situations, drivers were given written records of their blood pressure, obstructive sleep apnea checklist results, and ESS scores for review by their providers whom they planned to visit.
Once the informed consent process was completed, each driver was provided instruction on the study protocol, including the correct use of daily sleep logs and actigraphs by the principal investigator. Along with verbal instructions, a printed instruction sheet was included in the sleep log booklet with a completed sample sleep log. All drivers received a toll-free telephone number they could use to contact the principal investigator if they had questions or concerns during the course of the study. At the completion of each 10-day phase of the study, drivers were instructed to return actigraphs and completed sleep log booklets to the principal investigator via overnight mail or by meeting with the principal investigator at public areas of truck stops or restaurants in the Louisville or Lexington, Kentucky, areas. Overnight mail was also used to send sleep logs and actigraphs to drivers who were starting the second phase of the study and did not reside in the area.
The original study plan called for randomization of drivers to one of two treatment sequences: feedback/no feedback (FB1-feedback first) or no feedback/feedback (FB2-no feedback first). Randomization of sequence assignment was conducted using a table of random numbers. Sequence group assignment was designated 1 = feedback first and 2 = no feedback first. When the first digit of a number in the table of random numbers was a 1 or a 2, the first driver was assigned to the corresponding sequence group. This process was continued until a total of 15 participants had been assigned to a particular sequence group (half of the target sample of 30). The remaining individuals were then assigned to the opposite group to ensure equal group size (Shavelson, 1996) . Randomization to treatment sequence was abandoned early in the study because of equipment availability and time and budget constraints. The researchers did not believe that this deviation from the original plan affected the outcome of the study, given the sample size.
Actigraph measures of sleep time were recorded by the actigraph. Measures of subjective sleepiness and sleep quality were recorded by the drivers every day for 10 days during the first treatment condition (Phase One). On or about day 10, subjective measures of perceived sleep control and attitude toward sleep were measured. At this time, drivers either arranged to meet with the principal investigator in a convenient location or sent the actigraph and sleeping log to the principal investigator via overnight mail. Data were downloaded from actigraphs by the principal investigator as soon as the actigraphs were received. At the same time that the Phase One study materials were returned, the opposite treatment condition was initiated along with actigraph measures of sleep time, and daily subjective sleepiness and sleep quality for the second 10-day period (Phase Two). On or about day 20, subjective measures of perceived sleep control and attitude toward sleep were measured. At the end of each 10-day period, data were downloaded from actigraphs into computer data files.
Measures
Sleep Quantity. Sleep time was measured using continuously recording wrist-worn actigraphs (Precision Control Design, Inc.). The actigraphs were pre-programmed to collect data in 1-minute epochs and to digitize the data using the zero-crossing mode. The zero-crossing mode is one of the methods that the device uses to determine activity counts. In this mode, the device counts the number of times per epoch the activity count reaches zero. This is represented graphically by a solid baseline (Ancoli-Israel et al., 2003) . Data were edited and analyzed using Action W software, version 2.55 (Ambulatory Monitoring, Inc., Ardsley, NY). The Cole-Kripke algorithm was selected for sleep scoring in Action W, version 2.55. Total sleep time per 24 hours was measured daily. Mean total sleep time for each 10-day period was calculated and was used as the operational measure of sleep quantity.
Sleep Quality. Sleep quality was measured daily by a single, Likert-type question, "How well did you sleep?" Responses to the question ranged from 1 (very badly) to 5 (very well). Drivers were instructed to answer this question as soon as possible after waking from their major sleep period. Mean sleep quality scores were calculated for each 10-day period and were used in the analysis of data.
Subjective Sleepiness. Subjective sleepiness was measured daily using the Karolinska Sleepiness Scale (KSS). The KSS is a single-item, 9-point ordinal scale that measures sleepiness within the context of the tension between sleep drive and alertness. Drivers were asked daily to rate their current levels of sleepiness or alertness. The scale is structured in a Likert format from 1 to 9, with response options corresponding to the odd numbers of the scale (i.e., 1 = very alert and 9 = very sleepy, an effort to keep awake) (Akerstedt & Gillberg, 1990) . Mean subjective sleepiness scores were calculated for each 10-day period and were used in the analysis of data.
Perceived Control of Sleep. Perceived control of sleep was measured twice at the end of each 10-day study phase. A single, Likert-type question was used: "How much control do you have over your sleep while you are working?" Responses to this question ranged from 1 (absolutely no control) to 5 (complete control). The single score for each 10-day phase was included in the analysis of data.
Attitude Toward Sleep. Attitude toward sleep was measured twice at the end of each 10-day study phase using four semantic differential scales. Drivers were asked to respond to statements related to sleep, sleep control, and planning sleep. A 7-point scale was positioned under each statement. Two opposite adjectives appeared at the ends of the scale. Individuals were asked to mark an "X" on the scale point closest to the word representing their attitude toward each statement. A score was recorded for each semantic differential scale. A mean attitude score was computed from the four scales for each 10-day phase and included in the analysis of data.
Analysis
Descriptive statistics were used to summarize the sample. Mean values for both feedback and no feedback conditions were standardized to their baseline scores by dividing the post-baseline values by the corresponding baseline values. Standardized scores were recorded for all dependent variables: sleep quantity, sleep quality, subjective sleepiness, perceived control of sleep, and attitude toward sleep. Because the same individuals were exposed to both treatment conditions, paired t-tests were used to compare the difference in standardized dependent variable means between the feedback and no feedback conditions. The differences in scores between the feedback and no feedback conditions were compared using independent t-tests to determine the magnitude of change in each dependent variable by feedback sequence group assignment. Companion sleep logs were compared with actigraph data analyzed by Action W, version 2.55, analysis software. The researchers used SAS software, version 9.1 (SAS Institute Inc., Cary, NC), for statistical analyses.
RESULTS
Sample Characteristics
Twenty-five long-haul truck drivers were enrolled in the study; 5 did not complete the study (20%). Two of the five became ill or injured after enrollment and were unable to complete the study, one left at the mid-point of the study for unknown reasons, and two did not participate after enrollment for unknown reasons. Extensive missing data was why two drivers were excluded, and a final individual was enrolled but did not begin the study protocol because the project was terminated. Data from 17 drivers were retained for the statistical analysis.
The sample consisted of primarily White, married, middle-aged men. Their ages ranged from 22 to 61 years (M = 43; SD = 10.7). Most of the drivers had at least a high school education, and eight had some college education or a college degree. Regarding truck driving experience, most of the drivers held CDLs for more than 5 years. Two thirds of the drivers were employees of trucking companies; the remainder were independent owner-operators or owner-operators leased to trucking companies. Most of the truck drivers spent 5 to 7 days on the road and took 2 days or less off work between trips (Table 1) .
Differences in Dependent Variables in the Feedback/ No Feedback Conditions
The hypotheses underpinning the current study were: Compared to outcomes measured during the no feedback actigraphy condition, long-haul truck drivers assessed during the feedback actigraphy condition will have: H1. increased sleep quantity and quality. H2. decreased subjective sleepiness. H3. increased perceived control of sleep. H4. more positive attitude toward sleep behaviors. Analysis of feedback actigraphy exposure on the dependent variables yielded the following results. Of the five dependent variables outlined in the hypotheses, only average sleep time differed between the feedback and the no feedback conditions (t = -2.25, p = .04). However, the direction of the difference between the two conditions was not as predicted in Hypothesis 1. Sleep time in the no feedback condition was higher than that in the feedback condition (Table 2 ). An interesting finding emerged from the analysis of differences in the standard deviations of sleep time in the feedback versus no feedback condition by sequence group assignment. More than a fourfold increase (259 minutes) in the standard deviation of the difference in sleep time between the two feedback conditions was noted in the FB2 group compared to the FB1 group. No significant differences in sleep quality, subjective sleepiness, sleep control, or attitude toward sleep were found between the feedback condition and the no feedback condition. Analysis of the effects of feedback actigraphy on dependent study variables indicated that exposure to feedback actigraphy was not associated with improvement in any of the dependent variables.
Independent t-tests were conducted to determine whether a difference existed in the magnitude and direction of change in the dependent variables by feedback sequence group assignment in the feedback versus no feedback conditions. As shown in Table 3 , for all dependent variables except subjective sleepiness, no significant difference was found in the magnitude of change by feedback sequence group in the feedback versus no feedback conditions. A significant difference in the magnitude of change in subjective sleepiness existed in the FB1 and FB2 groups. The group that received feedback second (FB2) had an increased magnitude of change in subjective sleepiness compared to the FB1 group. The FB2 group's change occurred in the negative direction. Higher scores on the instrument used to measure subjective sleepiness, the Karolinska Sleepiness Scale, indicate more pronounced sleepiness. A magnitude change in the negative direction in the FB2 group meant that their subjective sleepiness improved with feedback actigraphy, although no significant difference between the feedback and non-feedback conditions overall was found. More than a fourfold increase (259 minutes) in the standard deviation of sleep time difference was noted in the FB2 group compared to the FB1 group.
DiScUSSiOn
The findings from this study of feedback actigraphy did not support the predictions of the directional hypotheses. Sleep time did not increase with exposure to feedback actigraphy. This is not a departure from previous studies of feedback actigraphy and sleep in both railroaders (Sherry & Philbrick, 2003) and truck drivers (Dinges et al., 2005) . These studies also did not find significant increases in sleep time after exposure to feedback actigraphy. However, an interesting finding did emerge from the analysis of differences in the standard deviations of sleep time in the feedback versus no feedback conditions by sequence group assignment. More than a fourfold increase in the standard deviation of sleep time difference was noted in the FB2 group compared to the FB1 group. The difference in numbers of drivers in FB1 (n = 5) compared to FB2 (n = 12) may have influenced the degree of difference in variability of sleep time between the two groups, although it would be more typical for the group of smaller size to exhibit greater variability because the standard deviation is inversely related to group size. This finding suggests that sleep patterns in the FB2 group did vary more widely than those of the FB1 group. Cognitive ability is known to degrade in a dose-response manner to sleep deprivation Van Dongen, Maislin, Mullington, & Dinges, 2003) . Variability of this magnitude in sleep time difference may be significant from a performance and safety standpoint. The decreased variability in the FB1 group is consistent with the results of Sherry and Philbrick (2003) , who noted decreased variability in sleep measures among railroaders exposed to feedback actigraphy.
For the dependent variables control and attitude, magnitude of change was similar in both sequence groups. Interestingly, control changed in a negative direction for the FB1 group compared to the FB2 group. That is, the FB1 group reported that they had less control over sleep in the feedback condition compared to the no feedback condition. The reason for this finding is unclear. Perhaps the fact that the FB1 group members were confronted with the reality of their sleep time early in the study made a difference in this response. FB1 participants seeing the feedback display at the start of their participation did not have time to acclimate and were more acutely aware of the feedback and sleep log information. Having access to a visual display of sleep time may have increased drivers' awareness of their sleep restrictions. FB1 group members might have concluded that they had less control over their sleep when confronted with the feedback. A significant magnitude of change in subjective sleepiness (KSS) was noted between the FB1 and FB2 groups. The FB2 group experienced the larger change in the negative direction. This finding indicated that their subjective sleepiness was improving. In fact, the FB1 group experienced a positive change in subjective sleepiness in the feedback versus no feedback conditions, indicating worsening subjective sleepiness. These findings indicated that exposure to feedback actigraphy may have improved subjective sleepiness in the FB2 group, but not in the FB1 group. It is unclear why the FB2 group would have a greater magnitude of change in subjective sleepiness than the FB1 group. It may be that the FB2 group had more time to acclimate to the study procedures because they received feedback in the second 10-day period of the study and were not as influenced by the actigraph's feedback display. Possibly, FB1 drivers seeing the feedback display at the start of their participation did not have time to acclimate and were more acutely aware of the feedback and sleep log information. Having access to a visual display of sleep time may have increased drivers' awareness of their sleep restrictions. This would support a previous finding of Sherry and Philbrick (2003) . Railroaders using feedback actigraphy became more aware of their fatigue than those in the no feedback condition (Sherry & Philbrick, 2003) . Drivers in the current study may have responded to the sleepiness and control questions based on what they were seeing on the actigraph display and not how they were feeling. After completing the feedback portion of the study, one driver said, "I knew my sleep was bad. I didn't know it was that bad." In the Theory of Planned Behavior, the interaction among attitude, perceived behavioral control, and subjective norm leads to intention to change behavior and, ultimately, behavior change. Exposure to the feedback actigraph did not increase perceived behavioral control or attitude toward sleep and sleep behavior in this study. However, intention was not measured in the current study. It may be that, despite exposure to feedback actigraphy and generally positive attitude and control scores, these truckers had no intention of changing their sleep behavior. One of the participants in the study stated, "I really don't care what the watch says, I still have to deliver the loads." Perhaps the pressures to perform the work and the financial incentives to keep driving outweighed any potential benefits of feedback actigraphy in this sample.
LimiTATiOnS OF THE STUDy
The small sample size of the study significantly limited its power to detect differences between the dependent variables in the feedback versus no feedback conditions. However, lessons were learned that are valuable for future research using natural settings of mobile participants. Recruitment of the sample was more difficult than originally anticipated. The original plan to recruit from trucking companies was abandoned because the companies in the region refused to participate. A large pool of potential drivers was identified at the Mid-America Trucking Show in March 2007. However, limited equipment stymied efforts to start enrolled drivers on the study protocol immediately. As equipment became available, enrolled drivers and interested ones were contacted. The turnaround time for return of the actigraphs was sometimes as long as 1 month. Compounding this problem was equipment failure that required shipment of replacement actigraphs from the distributor, and further delays in some drivers' feedback exposure. These issues led to attrition of some enrollees and a loss of potential drivers who had identified themselves as interested in the study, but who had not yet enrolled. Clearly, the truck show event brings with it a large pool of potential recruits. Future studies using actigraphy and drivers recruited from the truck shows should be equipped with sufficient devices to actually begin the study protocols with enrolled drivers immediately.
Inconsistent time intervals between the feedback and no feedback conditions was another limitation of the study. The original protocol called for the actigraph switch to occur on or about day 11. Because of the irregular and unpredictable schedules of the drivers, this was not always possible. Equipment availability contributed to delays in initiating the second phase of the study for some participants. Every driver who completed the study experienced a delay between feedback conditions. The time delays ranged from 2 days to 3 weeks. The loss of momentum may have contributed to drivers' waning interest and decreased attention to detail in recording the subjective data accurately. Clearly, this study of truckers in their natural environments was not a tightly controlled experiment. However, in this population, the trade-off in scientific control is balanced by the insight gained into real-world experiences of long-haul truckers.
Finally, the time planned for behavior change to occur in the study may not have been sufficient. A 20-day protocol might not be adequate for truck drivers to be introduced to a behavioral goal, receive feedback, and incorporate the new behavior into their daily routines. This potential limitation will have to be evaluated against participant burden in considering future lengthier study protocols.
AppROAcHES AnD OppORTUniTiES FOR FUTURE RESEARcH
To fully explore the potential effects of feedback actigraphy on sleep among long-haul truckers, a follow-up study with a larger sample and sequence groups are needed. Based on the recruitment challenges in the current study, continued efforts to recruit from large, regionally based trucking companies are indicated. Recruiting from the companies may make it easier to track drivers and recruit drivers who travel more frequently through the region. This approach might decrease the variability of the time intervals between FB1 and FB2 conditions. Another advantage to this approach would be the increased likelihood of equipment being returned if drivers were traveling in the area on a more frequent or regular basis compared to drivers employed by companies outside the region. If this approach is not feasible, alternate recruitment strategies are available. Trucking industry trade shows remain viable sources for large groups of potential participants. Another option for recruiting large numbers of truckers would be via radio broadcasts on satellite radio trucker stations. Planning radio broadcasts that coincide with the trucking industry trade shows could generate interest among many more potential participants than individual contacts at a display booth.
Another area for further study of feedback actigraphy and sleep among long-haul truckers is that of intention to change sleep behavior. A future actigraph study could benefit from a qualitative component. The truckers' perceptions of feedback actigraph benefit should be elicited. Truck drivers' intentions to make changes in sleep behaviors based on feedback actigraphy could also be explored, along with rationale for these responses.
Finally, replication of this study in a different group of workers is another future research effort. Sleep fragmentation and restriction in the workplace is commonplace in shift work settings (Akerstedt, 1998) . It would be useful to explore the effects of feedback actigraphy on sleep time and other sleep-related variables in a group of shift workers. A study of this nature could establish whether feedback actigraph is a viable intervention in promoting healthy sleep behaviors. Replication of the study with a group of shift workers who are paid hourly, versus truck drivers who are paid by productivity (miles driven), could yield new information. A study of feedback actigraphy among shift workers might give a more realistic view of the possibilities of using the feedback actigraph as an intervention. The shift workers would not have a financial incentive to stay awake past their shift time. In comparison, the truck drivers do have a financial incentive to stay awake and keep driving to earn a better wage.
cOncLUSiOn AnD impLicATiOnS FOR pRAcTicE
Findings from the study of feedback actigraphy among long-haul truck drivers did not support the hypotheses that feedback actigraphy would improve sleep time, sleep quality, subjective sleepiness, control of sleep, and attitude toward sleep. The study was limited by a small sample size and equipment availability, loss, and failure. Strategies were presented to improve recruitment in future feedback actigraph studies with truck drivers. Qualitative research methods are a recommended addition to future feedback actigraph studies of truck drivers. The qualitative exploration of intention to change behavior should be conducted and compared with the quantitative findings related to sleep variables. Replication of the study with a group of shift workers is recommended to further explore the possible role of the device as an intervention to promote healthy sleep behavior and to evaluate the role of financial incentive as a barrier to healthy sleep behaviors among truck drivers.
Occupational health nurses may apply information from this study to practice. When caring for truck drivers, occupational health nurses should not miss an opportunity to include sleep history and sleep promotion as part of the plan of care. The work schedules of truck drivers are often erratic and unpredictable and may not allow the drivers time to participate in traditional health and wellness promotion classes or counseling sessions. Occupational health nurses may consider using novel interventions like feedback actigraphy, computer-based interventions, and Internet social networking sites to promote sleep and other health behaviors for this group of workers. Finally, in implementing an intervention designed to change behavior, it is critical for occupational health nurses to assess the workers' intentions to change the behavior and rationale for their intentions. It may be that although an intervention has potential to bring about behavior change, workers have what they believe are valid reasons for not changing the behavior. In the case of the truck drivers, it is possible that the drivers did not intend to change their sleep behavior to have more time to drive and increase their wages.
